ith the rapid expansion of the internet, the engineering and business world has seen an exponential growth in global software development (GSD). GSD typically involves teams of programmers and engineers from around the globe working together on a single project with a mutual outcome. GSD has gone from being a novel concept to an industry necessity because of its ability to save on cost, provide access to resources, and offers the ability to bring projects closer to consumers [6] . In fact, during a study examining the impact of GSD on its employees, Microsoft found that over half of its engineers dealt with GSD [2] during their projects. One of the most noticeable benefits of GSD is its ability to provide "round-the-clock innovation. " [6] Since a team is composed of engineers in multiple time zones, when one team member leaves work for the day, another team member is just starting their work day and can pick up right where the other left off allowing nearly 24-hour work time on a single project.
one in the United States and the other in South Korea. During this project, teams of students from both countries practiced GSD by working together to design and program their own Android app using MIT App Inventor. Despite several examples of GSD projects being implemented at the university level, we believe this study may be one of the first documented examples of GSD at the high school level. By sharing our experience and reflection, we hope to get more schools and students involved in this, or similar, programs in the future.
GLOBAL EDUCATION
While GSD is a modern business model in the tech world, its replication in the classroom falls under a likewise modern category of what has long been known as global education. Many conceptualizations of global education exist and all have a common thread of giving students a global perspective and teaching them how to live in an interconnected world [4] . Over the past three decades, global education, however, has remained largely a topic of discourse but little action. To the current economy while teaching 21st-century skills to students, schools need to help students to develop critical thinking and problem-solving skills, communication, collaboration, creativity and innovation, information literacy, media literacy, and technology literacy. Students who leave today's classrooms need both global awareness and content knowledge. Students need to be able to think critically, solve problems, communicate, collaborate, find good information quickly, and use technology effectively, "not only for career success, but for personal and civic quality of life as well. " [9] 
CURRICULUM
In both locations, the students involved in the project were enrolled in Advanced Placement computer science principles (AP CSP). AP CSP is a new Advanced Placement course that was jointly developed by the College Board and the National Science Foundation, along with a team of teachers and academics and was first offered in the fall of 2016. The goal of the new course was to bring CS to more schools by providing a non-language-specific curriculum for students to study CS through a variety of computer languages [1] . In both South Korea and the United States, the course instructors use the Mobile CSP [10] curriculum, an NSF-funded project that is run through Trinity College and the College of St. Scholastica to provide a College Board-approved AP CSP curriculum. The course uses MIT App Inventor, a free, web-based, visual (block-based) programming language that allows novice programmers to design and build robust apps for Android devices. Having the two classes both based around MIT App Inventor provided an ideal situation for a possible GSD partnership as both sets of students were trained in the same language and could therefore program together without further training.
This project meets several of the AP CSP standards that relate to programming and program development. Specifically, it meets the AP CSP learning objective 5.1.3 (LO 5.1.3) that has students learning how to develop a program collaboratively [3] . While this objective can be reached in a contained classroom setting through partnering techniques like pair programming, this GSD project addresses certain skills that are difficult to develop when both students are simultaneously working together in the same room. For example, as teachers have all likely experienced, it is possible for one student to carry the whole project; either by force or necessity. With this asynchronous partnering, though, each student independently works on the project before passing their contribution on to their partner. A daily log was used in the project so that if one student clearly was not participating in the development of the project, their lack of contribution will quickly be apparent to both teacher and student.
Along with learning objectives, the College Board also has a list of "computational thinking practices" that the curriculum needs to teach alongside the content. LO 5.1.3, the standard addressed above, goes along with computational thinking practice 6 (P6), which deals with the skills needed to collaborate properly with other students. This project likewise helped to develop that skill by allowing students the ability to communicate and collaborate on a project with a mutual outcome between both parties.
SETTING
The schools involved in this project were in Seoul, South Korea and Oregon, United States. The school in Seoul is a small, private, international K-12 school in Nowon-gu, a relatively less populated district of Seoul. Also, even though it is labelled as an international school, all students in this course were English-speaking Koreans. The school in the US, however, is a traditional public high school in a rural area of Oregon whose student population are those in grade nine through twelve only.
Both courses had a small number of students, with seven in the class in Korea and eight in the class in the United States. Students were in grades 10-12. Time zones created a 17-hour time difference between the two classrooms, so while one class was working on their projects, the other students were (hopefully) sleeping. This time difference helped allow students to experience the "round-the-clock programming" that makes GSD popular with some companies. Almost all communication between student groups was done through Google Docs via a single document used by each team throughout the project. Students also shared the collaboration document with both teachers as well so they could ensure proper communication. Also, students were given a template that was to be used at the end of every class period to log their progress ( Figure 1 ) and to share with their partners a snapshot of what they had worked on during their class period.
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of students contributed to the final product. We had no desire to give a student a poor grade if their app was weak because of little help from their partner. Likewise, we did not want to provide an elevated grade if they did not contribute to the project. In the AP CSP course at both schools, a standard rubric
PROJECT DESCRIPTION
For this project, we (two teachers involved) first created a list of our students and listed each's strengths and weaknesses based on teacher observation. The project took place at the end of the first semester, so we both had a pretty good idea of our students' abilities. From there, we collaborated to create student groups based on the best possible pairings. For example, one student was a skilled programmer, but was not good at user-interface design. Consequently, that student was paired with someone who was stronger in design, yet perhaps had weaker programming abilities. After partnerships were created, the students in Korea created a Google Doc whereby they introduced themselves and shared ideas for a possible app (Figure 2) . This document was then shared with their teacher who then shared it with the teacher in the US. The teacher in the United States then shared it with the students' predetermined partner. This process ensured that the document was properly shared among all parties involved. Next, the American students provided their own biographies and offered ideas or accepted the ideas shared by partners in Korea.
Students then continued their collaboration on this Google document using the template that was provided. The template allowed students to share what they worked on, along with some ideas about things for their partner to work on, pictures of changes they made to the code, and a link to the code (Figure 3 ). This process continued for approximately three weeks, at which point the semester ended in Korea and both sets of students left for Winter Break.
In the end, seven different apps were developed by the student teams. The apps were shared with both teachers and we independently scored them as part of a summative assessment for our individual courses. During this scoring process, we also checked the apps against the daily logs to ensure that both sets es-about digital collaboration etiquette, strategies, and culture. While we did inform the students about the project well before it began, we made the mistake of failing to offer insights about what to expect, and advice on how to correspond when is used for all app-programming tasks. The same rubric was used for this project as well, with an added row that gave points based on the students' ability to collaborate effectively. To read through the rubric, categories and scoring values, see Figure 5 . communicating asynchronously. Group work is quite common at both schools, but generally it is all done face-to-face with very different protocols. For example, the students in Korea got frustrated when they would come to class on Monday and find that their partner had not updated the daily log. The students had to be reminded on more than one occasion that Monday in Korea was still the weekend in the US, and further that their partners had not forgotten, they simply did not have class yet.
An example of a slight cultural clash came in the form of different approaches to problem-based learning in the two countries. The students in the US reported that sometimes their partner would take their novel ideas and ignore or erase them. This was attributed to a cultural difference, as the Korean students in the study had very little experience with open-ended projects as compared to the American students. Familiar with the traditional lecture-based model of teaching, Korean students are used to always seeking a single correct answer and sometimes struggle with independent thought or creativity, especially as it concerns academics. Independent thought and creativity is something the teacher in Korea, who is new to the school, is working on helping his students to develop. As a result of their lack of confidence in using creativity, many of the Korean students wanted to develop apps that were merely replications of previous apps developed in class while the US students wanted DISCUSSION Overall, the project was successful, but there is room for growth in future iterations of the project. App designs varied, with some groups using their different talents and extra time to program complex and professional apps.
At the end of the project, the students completed a survey so we could better understand their experiences, including what they enjoyed and what they found difficult. The top difficulties identified by students in the survey were having to wait on their partner, the lack of face-to-face communication, and the inability to work simultaneously. That students saw things like wait time and asynchronous communication as problems which required fixing indicates that we did not effectively convey the objective of GSD skill development. In future replications of this project, teachers should openly discuss these challenges before beginning the project. In this way, teacher-researchers could more clearly help students see the encounters as opportunities to develop collaboration skills and not roadblocks that are the result of a faulty partnership. As mentioned earlier, many higher education institutions have begun running GSD projects with the intention of exposing students to the importance of effective communication and global/cultural understanding.
For future iterations of this project, it is also apparent that more training and discussion is needed-in the individual class-going to be writing their own programs anyway, so this concept is just a matter of overlaying one of those tasks with a global component. However, the coordination of finding and organizing partnerships is certainly a challenge. It is our hope this article will inspire more interest and we can grow this project to include more classrooms next year. In the future, we would like to try this project again and build on the lessons we learned and create a better learning experience for all. If you are interested in getting involved in this program, please contact the authors for more information. 
